The hormone dihydrotestosterone (DHT) and the catalyst 5α-reductase play very important roles in the hair loss due to androgenetic alopecia (AGA). Recently, some chemicals against these hormones have been commercialized as therapeutics for AGA. In the present study, we have attempted to find out the potential effects of antibodies on AGA therapeutics as an inhibitor of androgenic hormones. The immune system of the ostrich is believed to be the most versatile and powerful of any animal on the planet, and antibodies derived from the ostrich egg yolk are now being developed for a wide range of diseases and ailments. Ostrich antibodies against DHT and 5α-reductase have been produced and combined with antibodies against harmful skin bacteria to restore normal hair growth in AGA cases. Preliminary testing with six volunteer subjects showed that ostrich antibodies were clearly quite effective in hair regrowth.
Introduction
The involvement of the hormone dihydrotestosterone (DHT) and the catalyst 5α-reductase in the male pattern baldness of androgenic alopecia (AGA) is well known [1] [2] [3] . Reduction of DHT synthesis has been shown to promote restoration of hair growth in AGA [4] . avian IgY are relatively easy and inexpensive to extract and purify from the egg yolk.A wide range of immunotherapy research has been performed using IgY, primarily derived from chicken eggs [5] [6] [7] [8] [9] . The administration of IgY has been tested on some microbes [10] . In the previous studies, we have found that ostriches (Struthio camelus) are a remarkably valuable source of IgY [11] [12] [13] [14] . They are a very old species, and the ostrich immune system has adapted to become the best of any animal. An ostrich can produce antibodies within two weeks of its exposure to an antigen, and its IgY is also less heat sensitive and more acid resistant than other avian IgY. Perhaps the greatest ad- The idea of using ostriches to produce antibodies against DHT and 5α-reductase has emerged from the experience of using these antibodies against a wide range of diseases and ailments, including Influenza viruses, tumor markers, food poisoning pathogens, dermal bacteria and allergens. Its low cost and its ready availability in large quantities make ostrich IgY an interesting candidate for neutralizing DHT and 5α-reductase to promote hair growth in cases of AGA. In the present study, we wish to show the application of ostrich IgY to the restoration of hair growth in AGA.
Materials & Methods

Production of Antibodies to DHT and 5α-Reductase
Laying hen ostriches were immunized with DHT (50 ug/bird) and 5α-reductase (50 ug/bird) asantigens. The ostrich eggs were collected, and the yolk was separated from the albumin at 4 weeks post initial immunization according to our methods [11] . Then An enzyme-linked immunosorbant assay (ELISA) using ostrich IgY were performed to confirmed the IgY had high reactivity to the antigens. Each well of a polystyrene ELISA plate (Sumitomo Bakelite, Japan) was coated with 0.2 µgDHT or 0.2 µg 5α-reductase antigens in phosphate-buffered saline (PBS), and the plate was incubated overnight at 4˚C. Each of the following incubation steps were preceded by washing the wells twice with PBS containing 0.05% Tween 20. The wells were blocked for nonspecific binding by the addition of a commercial blocking buffer (DS Pharma Biomedical, Suita, Japan) and incubated at 37˚C for 2 h. The serial dilutions of purified IgY were added vertically to the wells, and the plates were incubated at 37˚C for 1 h. HRP-conjugated rabbit IgG against ostrich IgY diluted (1:5000) in PBS was dispensed into each well. As a result of the stability test, Exoderm 1 , a commercial hair conditioner in which the binding activity of IgY was highly stable, was selected as a base material. A cocktail of IgY against DHT, 5α-reductase, Staphylococcus aureus, and Propionibacterium acnes [16] was mixed into the base material and used as a test sample for AGA study volunteers.
Description of Initial Study
A study was designed to evaluate the effectiveness of the antibody mixture in stimulating the regrowth of hair. The objective was to make a qualitative visual assessment of increased hair growth in the case of six individuals with varying degrees of male pattern baldness: the clinical trials were performed in six AGA volunteers who received approval from informed consent of dermatologist in dermatology clinics in Philadelphia, USA (Table 1) .
A higher proportion of older subjects was chosen, because it was believed that they would have more difficulty re-growing hair. The subjects were instructed to use the material daily for three months. After washing their hair, they were to apply the material, and let it stay on for ten minutes before washing again. Photos were taken prior to start of the study, and then after three months.
Results and Qualitative Feedback from Study Subjects
A high volume of IgY was then purified using proprietary methods and confirmed to have high reactivity to the antigens by ELISA: approximately 4 g of IgY was collected from each egg yolk and an ELISA titer over 56,000 on each antigen was recorded. In this manner, we were able to generate a high volume of high quality ostrich IgY against DHT and 5α-reductase. A stability test showed that the binding activity of the ostrich IgY was found to be maintained at a high rate (ELISA titer was over 14,000) in the basement material at room temperature for at least 2 years. All subjects demonstrated hair regrowth. Photos at the start and at three months are presented for each of the subjects (Figures 1-6 ). The subjects were pleased with the results. The degree of satisfaction was, not surprisingly, proportional to the subjects' perception of hair growth. However, the subjects were unanimously displeased with use of the base material. They found it difficult to use as part of this regimen. They did not like the complexity of the regimenwashing before application, and then washing again afterwards. 
Discussion
In the present study, we have focused on the neutralization of DHT and 5α-reductase by using ostrich antibodies with the purpose of re-growing hair in the case of AGA. Antibodies against harmful skin bacteria were added to normalize the dermal flora [14] [16] . This combination of ostrich antibodies is clearly quite effective in hair regrowth.
The dissatisfaction with the base material and its usage regimen suggests the need for a new, more convenient-to-use base material. Because of the positive results of this initial study, a larger study, randomized double-blind testing, with a broader range of subjects and a variation in regimen, is a logical next step. It will be particularly interesting to include women in the next study.
